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Incorporation of fluorine atoms into organic molecules
significantly enhances many of their properties, such as solu-
bility, metabolic stability, and bioavailability. Among organo-
fluorine molecules, trifluoromethylated compounds play a
unique and important role in agricultural and medicinal
chemistry. An efficient strategy for the synthesis of a variety

of trifluoromethylated polyhydroxypyrrolidines is described.
This strategy involves a diastereoselective nucleophilic ad-
dition reaciton of trimethyl(trifluoromethyl)silane to sugar-
derived cyclic nitrones followed by reductive N-O bond
cleavage and removal of benzyl groups.

Introduction

Pyrrolidines are commonly found subunits present in
many natural products, especially alkaloids (Figure 1),
which have been isolated from natural sources, including
plants and microorganisms.l'! These compounds have been
shown to exhibit potent and selective inhibitory activities
against biologically-important enzymes such as glycosidases
and other enzymes closely associated with the metabolism
of N-linked glycoproteins.’l Owing to this biological ac-
tivity, iminocyclitols have potential to become powerful
tools against cancer,®! viral infections,* diabetesP®! and ly-
sosomal storage disorders, and are consequently considered
privileged scaffolds for drug design.[®! An unusual variety of
natural polyhydroxylated pyrrolidines possessing a methyl
group at C-2 of the pyrrolidine system have recently at-
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Figure 1. Different polyhydroxypyrrolidine natural products.
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tracted a lot of attention from both synthetic and medicinal
chemists. Among these compounds, codonopsine (1) and
codonopsinine (2) were isolated!”! from Codonopsis clemati-
dea, and 3,4-dihydroxy-2-hydroxymethyl-6-methylpyrrol-
idine [6-deoxy-DMDP (3); an inhibitor of B-mannosidase,
B-galactosidase, and a-fucosidase] was isolated from Angyl-
ocalyx sp. Leguminosae (Figure 1).[8!

Likewise, amines bearing a trifluoromethyl group at the
a-position constitute an important class of biologically
active compounds (Figure 2).[°! The strong electron-with-
drawing nature and large hydrophobic domain of the tri-
fluoromethyl group can significantly influence the basicity
and solubility of amines, thereby modifying the bioavail-
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Figure 2. Trifluoromethylated amines as natural products.
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ability and stability of target drugs. For these reasons, they
have become popular and essential building blocks in the
design and synthesis of fungicides, pesticides, insecticides,
selective antibacterial agents, enzyme inhibitors, and en-
zyme receptor antagonists or agonists.'7 As part of our
studies on sugar-derived cyclic nitronest!!l and fluorinated
compounds,''?l we developed an interest in synthesizing chi-
ral trifluoromethylated analogues of 6-deoxy-DMDP (3).
We intended to take advantage of the availability of a set
of protected hydroxylated cyclic nitrones that can easily be
prepared from carbohydrates, thus providing one or more
stereogenic centers of the pyrrolidine ring (Scheme 1).
Furthermore, several polyhydroxypyrrolidine alkaloids have
been synthesized through diastereoselective nucleophilic ad-
dition reaction of organometallic reagents to sugar-derived
cyclic nitrones.[!?!

To introduce the trifluoromethyl group trimethyl(trifluo-
romethyl)silane (Ruppert—Prakash’s reagent)!'l was used,
because it has been widely used for trifluoromethylation of
aldehydes and ketones, enones and indinones, porphyrins,
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Scheme 1. Nucleophilic addition reaction of Me;SiCF; to sugar-
derived cyclic nitrones followed by N-O bond cleavage and removal
of protecting groups.

chlorins and bacteriochlorins, carbohydrates, esters, sulf-
onic, sulfinic and selenic esters and a-keto esters, amino

esters, oxazolidinones, amides and a-keto amides, imines,

Table 1. Nucleophilic addition reaction of Mes;SiCF; to different sugar-derived cyclic nitrones followed by N-O bond cleavage and

removal of protecting groups.

Sugar-derived cyclic | Nucleophilic addltlon of Reductive N-O bond Removal of
nitrones Me;SiCF42! cleavage™ protecting groups'®
N® ", CF A CF ", CF
Bno/“"g ), Bno” 5_]’ * | Bno | Ho” 5_7’ 3
BnG ,/OBn BnO OBn BnO OBn HO OH
13 14 (60%) 15 (90%) 16 (95%)
N® CF CF CF
g’ () Bn0” g | eno” g T oo’ g ’
BnO\ 'an BnO OBn BnO OBn HO OH
17 20 (69%) 24 (83%) 28 (94%)
& o 7 ;
N® N .\CF3 N .\CF3 N .\CF3
BnO/\<_\Z BnoA(—Z B"O/\(_Z HO/\(_Z
BnO\\ 59BN BnO OBn BnO OBn HO OH
ent-13 21 (60%) 25 (93%) 29 (92%)
N® CF WCF WCF
= O/“r( \Z Bno” Z 5 | Bno” Z | Ho S Z *
BnO\\ BN BnO OBn BnO OBn HO OH
o 22 (56%) 26 (86%) 30 (88%)
Q H
WLO e WLO v o | HO\HB N cF
o\)““ N\ O\)ln. N WCF3 OQ,,,, WCF3 1, WCF3
Y 03 Zo Y HO OH
Pal P PaS 31 (85%)
19 23 (63%) 27 (77%)

[a] Trifluoromethylated cyclic hydroxylamines were synthesized from the respective cyclic nitrones and Me;SiCF; by using TBAF in THF
at 0 °C. [b] Trifluoromethylated amines were synthesized from the respective trifluoromethylated cyclic hydroxylamines by using Zn, In,
aq. NH4Cl, MeOH, reflux, 12 h. [c] Trifluoromethylated polyhydroxypyrrolidines were synthesized through removal of protecting groups.
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thiocyanate and selenocyanate, and organophosphorus
compounds.['”] However, little attention has been paid to
the trifluoromethylation of nitrones.['®!

We started to explore its reactions with electrophilic
sugar-derived cyclic nitrones (13, ent-13, and 17-19) in the
hope of finding new ways of introducing a CF;3 group
stereoselectively into a pyrrolidine ring. To begin with, D-
xylose-derived cyclic nitrone 13 was examined as a model
substrate for direct trifluoromethylation. When a mixture of
13, Me;SiCF5 (10; 1.0 equiv.), and tetra-n-butylammonium
fluoride (TBAF; 1.5 equiv.) in tetrahydrofuran (THF) was
stirred at 0 °C under a nitrogen atmosphere for 30 min, de-
sired product 14 was formed in 60% yield (Scheme 2). It is
worth mentioning that product 14 resulted from anti attack
of the trifluoromethyl anion with respect to the 4-benzyloxy
group as a result of both steric and stereoelectronic ef-
fects.[!]
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Scheme 2. Nucleophilic addition reaction of Me;SiCFj5 to D-xylose-
derived cyclic nitrone followed by N-O bond cleavage and removal
of benzyl groups.

Next we turned our attention to transform cyclic hydrox-
ylamine 14 into corresponding trifluoromethylated amine
15 through cleavage of the N-O bond. Under standard con-
ditions,['®] Zn dust and indium powder in aq. NH,CI and
MeOH at reflux temperatures for 12 h, smoothly cleaved
the N-O bond and provided desired product 15 in 90%
yield (Table 1).

Finally, removal of the benzyl groups was achieved by
treating with 10% Pd(OH),/C (Pearlman’s catalyst) in
MeOH/HCI under a hydrogen atmosphere!’®! from com-
pound 14 to afford trifluoromethylated polyhydroxylated
pyrrolidine 16 as its salt, which was later neutralized with
IRA-400 resin (OH™ form; Scheme 2).

To investigate the substrate scope, we then performed a
series of reactions of various sugar-derived cyclic nitrones
with Me;SiCF5 (Table 1). Gratifyingly, nitrone 17, ent-13,
18 and 19 on treatment with Me;SiCF; (10), furnished tri-
fluoromethylated cyclic hydroxylamines 20-23 in good
yields (69, 60, 56 and 63 %, respectively; Table 1). Having
successfully synthesized a variety of sugar-derived trifluoro-
methylated cyclic hydroxylamines, these intermediates were
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subsequently converted into corresponding trifluoromethyl-
ated amines 24-27 through cleavage of the N-O bond.

Removal of the protecting groups was performed on
sugar-derived trifluoromethylated cyclic hydroxylamines
20-22 to obtain trifluoromethylated polyhydroxylated pyr-
rolidines 28-30. In the case of compound 27 deprotection
of acetonide groups was carried out in 6 N HCI in MeOH
to obtain trifluoromethylated polyhydroxylated pyrrolidine
31 in 85% yield.

Conclusions

In summary, we have illustrated a simple and efficient
route to sugar-based trifluoromethylated cyclic hydroxyl-
amines by using a nucleophilic trifluoromethylation reac-
tion of sugar-derived cyclic nitrones with Ruppert’s reagent,
Me;SiCF;, in the key step. Subsequently, upon reductive
N-O bond cleavage and removal of the protecting groups
these compounds afforded trifluoromethylated analogues of
the natural product 6-deoxy-DMDP. The introduction of a
trifluoromethyl group may significantly improve the bio-
availability of polyhydroxylated pyrrolidines.

Experimental Section

General Methods: Unless otherwise noted, all the starting materials
and reagents were obtained from commercial suppliers and used
after further purification. Tetrahydrofuran was distilled from so-
dium benzophenone ketyl, and toluene from sodium. Dichloro-
methane, hexane and acetonitrile were freshly distilled from cal-
cium hydride. All solvents for routine isolation of products and
chromatography were reagent grade and glass distilled. Air and
moisture sensitive reactions were performed under an argon/UHP
nitrogen atmosphere. Flash chromatography was performed by
using silica gel (100-200 mesh, Aceme) with indicated solvents. All
reactions were monitored by thin-layer chromatography carried out
on 0.25 mm E. Merck silica plates (60F-254) by using UV light as
visualizing agent and 7% ethanolic phosphomolybdic acid and heat
as developing agents. Optical rotations were recorded with a Ru-
dolph Autopol IV digital polarimeter. High-resolution mass spectra
(HRMS) were recorded on a micromass ESI TOF (time of flight)
mass spectrometer. IR spectra were recorded with a Perkin—Elmer
Spectrum One FTIR spectrometer. 'H, '*C and 'F NMR spectra
were recorded with a Bruker AV 400 MHz instrument in CDCls,
D,0 and CD;OD. The following abbreviations are used in re-
porting NMR spectroscopic data: s, singlet; br., broad; d, doublet;
t, triplet; q, quartet; dd, dt, doublet of triplets; td, triplet of dou-
blets; ABq, AB quartet; m, multiplet all of the reported 'F NMR
spectra were recorded with hydrogen decoupling. For compounds
14-15, 20-22 and 24-26 CF; peaks were not observed on the '3C
NMR spectra owing to the dilute samples.

General Procedure for the Nucleophilic Addition of Me;SiCF;: To a
stirred solution of nitrone (1 mmol) in dry THF (15 mL) was added
trimethyl(trifluoromethyl)silane (1 mmol) and the mixture was co-
oled to 0 °C. Then, a solution of TBAF (1.5 mmol) in THF (4 mL)
was added, and the obtained mixture was stirred at room tempera-
ture for 0.5 h. The completion of the reaction was confirmed by
TLC. After completion of the reaction, the mixture was treated
with dilute aqueous HCI, the organic layer was separated, and the
aqueous layer was extracted with CH,Cl, (2 X SmL). The com-
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bined organic extracts were washed with brine, dried with Na,SOy,,
filtered and concentrated under vacuum to obtain the crude prod-
uct, which was purified by silica gel flash column chromatography.

(25,35,4S,5R)-3,4-Bis(benzyloxy)-2-(benzyloxymethyl)-5-(tri-
fluoromethyl)pyrroli-din-1-ol (14): Following the general procedure,
starting from nitrone 13 (50 mg, 0.12 mmol) and trimethyl(trifluor-
omethyl)silane (10; 17 mg, 0.12 mmol), product 14 was obtained as
a colorless oil (35 mg, 60%) after purification by silica gel column
chromatography (12% ethyl acetate/hexanes). Ry = 0.6 (20% ethyl
acetate/hexanes). [a]f) = 9.4 (¢ = 1.00, CHCl;). 'H NMR
(400 MHz, CDCly): 0 = 7.36-7.25 (m, 15 H), 5.34 (br. s, 1 H), 4.55~
440 (m, 6 H), 4.11 (dd, J = 5.6, 2.4 Hz, 1 H), 4.09 (t, J = 2.4 Hz,
1 H), 3.92-3.87 (m, 1 H), 3.82 (dd, J = 7.6, 4.7 Hz, 1 H), 3.73-3.68
(m, 2 H) ppm. 3C NMR (100 MHz, CDCls): § = 138.1, 137.6,
137.3, 128.6, 128.6, 128.5, 128.2, 128.1, 128.0, 127.9, 127.8, 82.4,
82.2,73.5,72.4 (q, *Jc_r) = 28 Hz), 72.0, 68.9, 65.7 ppm. '°F NMR
(376 MHz, CDCl;): 6 = -72.5 ppm. IR (CHCl;): ¥ = 3712, 3363,
3013, 2926, 2862, 2343, 2102, 1454, 1364, 1280, 1217, 1166, 1096,
1027, 698, 670 cm™!. HRMS: calcd. for C,,H,sF3sNO, (M + 1)*
488.2049; found 488.2060.

(2S,3R,45,5R)-3,4-Bis(benzyloxy)-2-(benzyloxymethyl)-5-(tri-
fluoromethyl)pyrrolidin-1-ol (20): Following the general procedure,
starting from nitrone 17 (100 mg, 0.24 mmol) and trimethyl(trifluo-
romethyl)silane (10; 34 mg, 0.24 mmol), product 20 was obtained
as a white solid (80 mg, 69 %) after purification by silica gel column
chromatography (12% ethyl acetate/hexanes). Ry = 0.6 (20% ethyl
acetate/hexanes), m.p. 87-88 °C. [a]® = —-10.5 (¢ = 2.00, CHCls).
'"H NMR (400 MHz, CDCl5): 6 = 7.36-7.22 (m, 15 H), 5.99 (s, 1
H), 4.73, 4.58 (ABq, J = 11.7 Hz, 2 H), 4.55-4.47 (m, 4 H), 4.07
(t, J = 3.8 Hz, 1 H), 4.00-3.88 (m, 4 H), 3.45 (dd, J = 9.7, 6.0 Hz,
1 H) ppm. 3C NMR (100 MHz, CDCls): 6 = 138.0, 137.8, 137.2,
128.6, 128.5, 128.1, 128.0, 127.9, 127.9, 79.1, 74.7, 74.4, 74.1, 73.8
(q, 2Jcry = 28 Hz), 73.7, 73.6, 73.1, 67.4, 65.3 ppm. '°F NMR
(376 MHz, CDCl;): 6 =-73.6 ppm. IR (KBr): ¥ = 3712, 3318, 3029,
2932, 2873, 2346, 2101, 1457, 1368, 1271, 1235, 1177, 1142, 1114,
1054, 1028, 908, 695 cm™!. HRMS: calcd. for Co;HogF3NO, (M +
1)* 488.2049; found 488.2040.

(2R,3R 4R ,55)-3,4-Bis(benzyloxy)-2-(benzyloxymethyl)-5-(trifluoro-
methyl)pyrrolidin-1-ol (21): Following the general procedure, start-
ing from nitrone ent-13 (100 mg, 0.24 mmol) and trimethyl(trifluor-
omethyl)silane (10; 34 mg, 0.24 mmol), product 21 was obtained as
a colorless oil (70 mg, 60%) after purification by silica gel column
chromatography (12% ethyl acetate/hexanes). Ry = 0.6 (20% ethyl
acetate/hexanes). [a]f) = —10.5 (¢ = 2.00, CHCl;). '"H NMR
(400 MHz, CDCly): 0 = 7.37-7.26 (m, 15 H), 5.60 (s, 1 H), 4.59-
4.40 (m, 6 H), 4.13-4.09 (m, 2 H), 3.90 (dd, J = 12.7, 8.1 Hz, 1 H),
3.83(dd, J = 7.6, 4.6 Hz, 1 H), 3.81-3.70 (m, 2 H) ppm. 13C NMR
(100 MHz, CDCl;): 6 = 138.0, 137.6, 137.3, 128.6, 128.5, 128.5,
128.1, 128.1, 128.0, 127.9, 127.8, 82.4, 82.2, 73.5, 72.7, 72.4, 72.1,
72.0 (q, *Jic ¥y = 28 Hz), 68.9, 65.6 ppm. 'F NMR (376 MHz,
CDCl,): 6 = —72.3 ppm. IR (CHCls): ¥ = 3736, 3339, 3032, 2930,
2859, 2343, 2102, 1455, 1364, 1277, 1216, 1167, 1100, 1028,
698 cm'. HRMS: calcd. for C5;HgF3NO, (M + 1)* 488.2049;
found 488.2037.

(2S,3R,4R,55)-3,4-Bis(benzyloxy)-2-(benzyloxymethyl)-5-(tri-
fluoromethyl)pyrrolidin-1-ol (22): Following the general procedure,
starting from nitrone 18 (100 mg, 0.24 mmol) and trimethyl(trifluo-
romethyl)silane (10; 34 mg, 0.24 mmol), product 22 was obtained
as a colorless oil (65 mg, 56%) after purification by silica gel col-
umn chromatography (12% ethyl acetate/hexanes). Ry = 0.6 (20%
ethyl acetate/hexanes). [a]y) = 17.7 (¢ = 1.00, CHCl;). '"H NMR
(400 MHz, CDCly): 0 = 7.37-7.26 (m, 15 H), 5.60 (s, | H), 4.59—
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4.40 (m, 6 H), 4.13-4.09 (m, 2 H), 3.90 (dd, J = 12.7, 8.1 Hz, 1 H),
3.83(dd, J = 7.6, 4.6 Hz, 1 H), 3.81-3.70 (m, 2 H) ppm. '3*C NMR
(100 MHz, CDCls): 6 = 138.1, 137.6, 137.0, 128.6, 128.6, 128.5,
128.2, 128.0, 128.0, 127.9, 127.9, 127.8, 80.1, 79.1, 75.4, 75.1, 74.8,
74.5 (q, *Jic ¥ = 28.7Hz), 73.7, 72.1, 71.7, 69.5, 67.1 ppm. "°F
NMR (376 MHz, CDCls): 6 = -73.4 ppm. IR (CHCl;): v = 3732,
3375, 2926, 2856, 2397, 2104, 1658, 1455, 1276, 1217, 1126, 1028,
698 cm'. HRMS: calcd. for Co;H,5FsNO, (M + 1)* 488.2049;
found 488.2054.

(3a8,48,6S,6aR)-4-|(S)-2,2-Dimethyl-1,3-dioxolan-4-yl]-2,2-di-
methyl-6-(trifluoromethyl)dihydro-3a H-[1,3]dioxolo[4,5-c|pyrrol-
5(4H)-ol (23): Following the general procedure, starting from
nitrone 19 (100 mg, 0.39 mmol) and trimethyl(trifluoromethyl)si-
lane (10; 56 mg, 0.39 mmol), product 23 was obtained as a colorless
oil (80 mg, 63 %) after purification by silica gel column chromatog-
raphy (12% ethyl acetate/hexanes). Ry = 0.7 (20% ethyl acetate/
hexanes). [a]¥ = —24.4 (¢ = 2.00, CHCl;). '"H NMR (400 MHz,
CDCl;): 0 =5.94 (s, 1 H), 4.51 (dd, J = 6.9, 4.4 Hz, 1 H), 4.32 (dd,
J=122,5.6 Hz, 2 H), 4.08 (dd, J = 8.9, 6.6 Hz, 1 H), 3.99 (dd, J
=8.9,4.7Hz 1 H), 3.70-3.64 (m, 1 H), 3.26 (t, / = 5.5Hz, 1 H),
1.56 (s, 3 H), 1.48 (s, 3 H), 1.36 (s, 3 H), 1.31 (s, 3 H) ppm. 13C
NMR (100 MHz, CDCl3): 0 = 129.1, 126.3, 123.5, 120.8 (q,
Y r = 277.7Hz), 114.4, 110.3, 109.9, 76.4, 76.4, 76.1, 74.4, 73.3,
73.0, 72.8, 72.5 (q, *Jc_r) = 28.3 Hz), 66.0, 27.4, 26.3, 25.3,
25.3 ppm. ?F NMR (376 MHz, CDCl3): § = -74.0 ppm. IR
(CHCl): v = 3715, 3429, 2991, 2937, 1670, 1460, 1384, 1336, 1270,
1216, 1155, 1074, 927, 890, 850, 697 cm™!. HRMS: calcd. for
C3H,0F3NOs (M + 1)* 328.1372; found 328.1375.

General Procedure for the Cleavage of N-O Bond: Zn powder
(40 mmol) and indium powder (0.01 mmol) were added to a solu-
tion of cyclic hydroxylamine (1 mmol) in a saturated solution of
NH,4Cl and MeOH (1:0.8, 30 mL) and the mixture was heated to
70 °C. After 12 h, the mixture was cooled to room temperature,
and the solvent was evaporated to obtain the residue. Then, EtOAc
was added to the residue and washed with an aqueous solution of
Na,COs. The organic layer was dried with anhydrous Na,SOy, fil-
tered and concentrated under vacuum to obtain the crude product,
which was purified by basic alumina flash column chromatography.

(28,35,45,5R)-3,4-Bis(benzyloxy)-2-(benzyloxymethyl)-5-(tri-
fluoromethyl)pyrrolidine (15): Following the general procedure,
starting from cyclic hydroxylamine 14 (30 mg, 0.06 mmol), product
15 was obtained as a colorless oil (26 mg, 90%) after purification
by basic alumina column chromatography (8% ethyl acetate/hex-
anes). Ry = 0.7 (20% ethyl acetate/hexanes). [a]® = -8.9 (¢ = 2.00,
CHCl;). '"H NMR (400 MHz, CDCly): 6 = 7.38-7.24 (m, 15 H),
4.62-4.42 (m, 6 H), 4.25 (t, J = 44 Hz, 1 H), 4.00 (dd, J = 74,
4.7Hz, 1 H), 3.66 (dd, J = 8.5, 3.9 Hz, 1 H), 3.60 (dd, J = 9.7,
3.4 Hz, 1 H), 3.49 (dd, J = 9.7, 4.7 Hz, 1 H), 3.35-3.34 (m, 1 H),
2.17 (s, 1 H) ppm. *C NMR (100 MHz, CDCl): § = 138.0, 137.9,
137.5, 128.6, 128.6, 128.6, 128.1, 128.0, 128.0, 127.9, 85.2, 84.9,
82.4,73.4,72.6,72.6, 68.3, 63.6, 63.3 (q, *J(c k) = 30 Hz),
61.5 ppm. '?F NMR (376 MHz, CDCl;): § = -74.9 ppm. IR
(CHCl3): ¥ = 3363, 3013, 2926, 2862, 2343, 2102, 1454, 1364, 1280,
1217, 1166, 1096, 1027, 698, 670 cm~'. HRMS: calcd. for
Ca7HagF3NO; (M + 1)* 472.2100; found 472.2099.

(28,3R,45,5R)-3,4-Bis(benzyloxy)-2-(benzyloxymethyl)-5-(tri-
fluoromethyl)pyrrolidine (24): Following the general procedure,
starting from cyclic hydroxylamine 20 (30 mg, 0.06 mmol), product
24 was obtained as a colorless oil (24 mg, 83%) after purification
by basic alumina column chromatography (8% ethyl acetate/hex-
anes). Ry = 0.7 (20% ethyl acetate/hexanes). [a]X = -21.7 (¢ = 2.00,
CHCl;). '"H NMR (400 MHz, CDCls): § = 7.36-7.24 (m, 15 H),

Eur. J. Org. Chem. 0000, 0-0
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4.66 (d, J = 11.6 Hz, 1 H), 4.58-4.47 (m, 5 H), 4.08-4.03 (m, 2 H),
3.73 (dd, J = 7.9, 44 Hz, 1 H), 3.70-3.63 (m, 2 H), 3.53-3.45 (m,
1 H), 2.27 (br. s, 1 H) ppm. *C NMR (100 MHz, CDCly): 6 =
138.1, 138.1, 137.5, 128.6, 128.5, 128.0, 127.9, 127.9, 79.2, 78.2,
73.8, 73.4, 73.4, 72.8, 69.0, 62.8, 62.5, 62.2, 61.9 (q, 2J(c F) =
29.3 Hz), 59.4 ppm. '°F NMR (376 MHz, CDCl;): § = —-75.9 ppm.
IR (CHCL): ¥ = 3362, 3029, 2925, 2857, 2328, 1651, 1455, 1370,
1279, 1217, 1158, 1123, 1112, 915, 698 cm™'. HRMS: calcd. for
Cy7H5F3NO;3 (M + 1)* 472.2100; found 472.2090.

(2R,3R 4R ,55)-3,4-Bis(benzyloxy)-2-(benzyloxymethyl)-5-(trifluoro-
methyl)pyrrolidine (25): Following the general procedure, starting
from cyclic hydroxylamine 21 (30 mg, 0.06 mmol), product 25 was
obtained as a colorless oil (27 mg, 93 %) after purification by basic
alumina column chromatography (8% ethyl acetate/hexanes). Ry =
0.7 (20% ethyl acetate/hexanes). [a]® = 18.4 (¢ = 2.00, CHCl;). 'H
NMR (400 MHz, CDCl,): 6 = 7.37-7.24 (m, 1 H), 4.62-4.42 (m, 6
H), 425 (t, J = 4.4 Hz, 1 H), 4.00 (dd, J = 7.6, 4.8 Hz, 1 H), 3.64
(bd, J=49Hz 1 H), 3.60 (dd, J = 9.7, 3.4 Hz, 1 H), 3.49 (dd, J
=9.7,46Hz, 1 H), 3.34 (br. 5, 1 H), 2.55 (br. s, 1 H) ppm. 3C
NMR (100 MHz, CDCly): 6 = 138.0, 137.9, 137.5, 128.6, 128.6,
128.5, 128.1, 128.0, 128.0, 128.0, 85.2, 84.9, 73.4, 72.6, 72.6, 63.4,
63.6, 63.3 (q, *Jic ) = 29 Hz), 61.5ppm. '"F NMR (376 MHz,
CDCly): 6 = -74.9 ppm. IR (CHCly): v = 3347, 3064, 3032, 2917,
2862, 2109, 1496, 1454, 1363, 1279, 1208, 1163, 1134, 1108, 1028,
912, 858, 698 cm '. HRMS: calcd. for C,;H,5FsNO; (M + 1)*
472.2100; found 472.2098.
(2S,3R,4R,55)-3,4-Bis(benzyloxy)-2-(benzyloxymethyl)-5-(tri-
fluoromethyl)pyrrolidine (26): Following the general procedure,
starting from cyclic hydroxylamine 22 (30 mg, 0.06 mmol), product
26 was obtained as a colorless oil (25 mg, 86%) after purification
by basic alumina column chromatography (8% ethyl acetate/hex-
anes). Ry = 0.7 (20% ethyl acetate/hexanes). [a]f = 13.4 (¢ = 1.00,
CHCI3). '"H NMR (400 MHz, CDCl5): 6 = 7.37-7.25 (m, 15 H),
4.58-4.40 (m, 6 H), 4.07 (dd, J = 34, 1.2Hz, 1 H), 391 (d, J =
2.0Hz, 1 H), 3.74 (dd, J = 8.6, 4.7 Hz, 1 H), 3.69-3.62 (m, 3 H),
3.59 (dd, J = 7.3, 47 Hz, 1 H), 2.30 (br. s, 1 H) ppm. 3C NMR
(100 MHz, CDCly): 0 = 138.2, 137.9, 137.4, 128.6, 128.6, 128.1,
128.0, 127.9, 127.8, 127.8, 82.5, 81.8, 73.7, 72.0, 71.7, 69.8, 65.6,
65.3, 65.0, 64.7 (q, *Jc ) = 30 Hz), 60.7 ppm. '°F NMR
(376 MHz, CDCl;): 6 = -74.6 ppm. IR (CHCl;): v = 3736, 3280,
3032, 2932, 2860, 2361, 1657, 1455, 1405, 1086, 1052, 1028,
697 cm™'. HRMS: calcd. for C57HsF3NO3 (M + 1)* 472.2100;
found 472. 2085.
(3a8,48,6S,6aR)-4-[(S)-2,2-Dimethyl-1,3-dioxolan-4-yl]-2,2-di-
methyl-6-(trifluoromethyl)tetrahydro-3a H-[1,3]dioxolo[4,5-c|pyrrole
(27): Following the general procedure, starting from cyclic hydrox-
ylamine 23 (30 mg, 0.09 mmol), product 27 was obtained as a col-
orless oil (22 mg, 77%) after purification by basic alumina column
chromatography (6% ethyl acetate/hexanes). Ry = 0.8 (20% ethyl
acetate/hexanes). [a]) = -19.3 (¢ = 2.00, CHCIl;). '"H NMR
(400 MHz, CDCly): 0 = 4.66 (dd, J = 6.7, 3.5Hz, 1 H), 4.29 (t, J
= 6.2 Hz, 1 H), 4.11-4.04 (m, 2 H), 3.86-3.81 (m, 1 H), 3.74 (bt, J
= 3.3Hz, 1 H), 3.24 (br. s, 1 H), 2.38 (br. s, 1 H), 1.53 (s, 3 H),
1.43 (s, 3 H), 1.35 (s, 3 H), 1.33 (s, 3 H) ppm. *C NMR (100 MHz,
CDCl,): 0 = 126.5, 123.8 (q, 'Jc r) = 277 Hz), 114.5, 109.7, 80.8,
80.0, 79.9, 78.1, 66.6, 66.2, 64.8, 64.6, 64.2, 64.0 (q, *Jc F) =
29.3 Hz), 27.5, 26.8, 25.4, 25.3 ppm. '’F NMR (376 MHz, CDCl;):
0=-75.8 ppm. IR (CHCl;): ¥ = 3366, 2990, 2938, 1661, 1457, 1383,
1375, 1292, 1271, 1216, 1158, 1141, 1071, 969, 889, 853, 693 cm™!.
HRMS: calcd. for C;3H,oF3NO, (M + 1)* 312.1423; found
312.1423.

General Procedure for Hydrogenolysis: To a solution of cyclic hy-
droxylamine (1.00 mmol) in MeOH was added 10% Pd(OH),/C
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(150 mg) at room temperature under N,. Then, the reaction flask
was purged with H, followed by addition of 10 drops of conc. HCI,
and the reaction mixture was stirred for 24 h at room temperature
under H, atmosphere. The mixture was then filtered through a pad
of Celite, and the filtrate was concentrated in vacuo. The residue
was dissolved in a minimum amount of H,O and stirred with IRA-
400 resin (OH™ form) until it reached pH 11. After filtration, the
filtrate was concentrated in vacuo to give pure trifluoromethylated
polyhydroxylated pyrrolidine.

(25,35,4S5,5R)-2-(Hydroxymethyl)-5-(trifluoromethyl)pyrrolidine-
3,4-diol (16): Following the general procedure, starting from cyclic
hydroxylamine 14 (80 mg, 0.16 mmol), product 16 was obtained as
a white solid (31 mg, 95%). Ry = 0.4 (100% ethyl acetate), m.p.
159-160 °C. [a]¥ = 4.1 (¢ = 2.00, H,0). 'H NMR (400 MHz,
D,O):0=4.24 (t,J=72Hz 1 H),3.87 (t,/J=82Hz 1 H), 3.75-
3.66 (m, 2 H), 3.63 (t, J = 7.8 Hz, 1 H), 2.95-2.93 (m, 1 H) ppm.
I3C NMR (100 MHz, D,0): 6 = 127.3, 124.5 (q, J(c_r) = 277 Hz),
76.5, 68.4, 61.6, 61.4, 61.3, 61.0, 60.7 (q, 2J(c_r) = 29 Hz),
59.6 ppm. '°’F NMR (376 MHz, D,0): § = -75.8 ppm. IR (KBr):
v = 3366, 2924, 2868, 1657, 1455, 1261, 1186, 1029, 976, 823,
751 cm™!'. HRMS: caled. for C4H[(F3NO3; (M + 1)* 202.0691;
found 202.0694.

(2S,3R,45,5R)-2-(Hydroxymethyl)-5-(trifluoromethyl)pyrrolidine-
3,4-diol (28): Following the general procedure, starting from cyclic
hydroxylamine 20 (90 mg, 0.18 mmol), product 28 was obtained as
a colorless oil (36 mg, 94%). Ry = 0.4 (100% ethyl acetate). [a]¥ =
-5.9 (¢ = 2.00, H,O). 'H NMR (400 MHz, D,0): 6 = 4.41 (dd, J
=17.5,41Hz, 1 H), 414 (t, J = 3.1 Hz, 1 H), 3.76 (dd, J = 11.3,
6.9 Hz, 1 H), 3.68-3.61 (m, 2 H), 3.18 (td, J = 6.4, 2.9 Hz, 1
H) ppm. 3C NMR (100 MHz, D,0): § = 130.5, 127.7, 125.0, 122.2
(q, Yk = 277 Hz), 73.0, 72.2, 62.4, 62.1, 61.9, 61.6, 61.3 (q,
2Jic k) = 29 Hz), 60.8, 59.3 ppm. '°F NMR (376 MHz, D,0): § =
~75.4 ppm. IR (neat): v = 3363, 2924, 2851, 1656, 1452, 1262, 1020,
913, 826, 757 cm '. HRMS: calcd. for C¢H(FsNO3; (M + 1)*
202.0691; found 202.0687.

(2R,3R,4R,5S)-2-(Hydroxymethyl)-5-(trifluoromethyl)pyrrolidine-
3,4-diol (29): Following the general procedure, starting from cyclic
hydroxylamine 21 (80 mg, 0.16 mmol), product 29 was obtained as
a colorless oil (29 mg, 92%). Ry = 0.4 (100% ethyl acetate). [a]® =
3.5 (¢ = 2.00, H,0). '"H NMR (400 MHz, D,0O): 6 = 4.21 (t, J =
7.3Hz, 1 H), 3.84 (t, / = 8.0Hz, 1 H), 3.71 (s, 1 H), 3.69-3.66
(m, 1 H), 3.64-3.58 (m, 1 H), 3.06-2.89 (m, 1 H) ppm. '*C NMR
(100 MHz, D,0): 6 = 130.1, 127.3, 124.4, 122.1 (q, "Jc k) =
277 Hz), 76.6, 66.5, 61.7, 61.5, 61.4, 61.1, 60.8 (q, >Jic ) = 29 Hz),
59.7 ppm. "F NMR (376 MHz, D,0): § = —75.9 ppm. IR (neat):
v = 3467, 2925, 1655, 1454, 1284, 1215, 940, 760, 695 cm™'. HRMS:
caled. for CgH oF3NO5; (M + 1)* 202.0691; found 202.0696.

(25,3R,4R,5S5)-2-(Hydroxymethyl)-5-(trifluoromethyl)pyrrolidine-
3,4-diol (30): Following the general procedure, starting from cyclic
hydroxylamine 22 (60 mg, 0.12 mmol), product 30 was obtained as
a white solid (22 mg, 88%). Ry = 0.4 (100% ethyl acetate), m.p.
172-173 °C. [a]f) = 4.8 (¢ = 2.00, H,O). '"H NMR (400 MHz,
CD;0OD): 0 =4.35(d, J =24 Hz, | H), 4.14 (s, | H), 4.07 (dd, J
=84, 2.3Hz, 1 H), 4.04-3.93 (m, 2 H), 3.85-3.82 (m, 1 H) ppm.
13C NMR (100 MHz, CD;0D): § = 125.8, 123.0 (q, "Jc ) =
276 Hz), 77.4, 76.4, 68.0, 67.7, 67.5, 67.3, 67.0 (q, >J(c_r) =
32.7 Hz) ppm. ’F NMR (376 MHz, CD;0D): § = -72.2 ppm. IR
(KBr): ¥ = 3380, 2928, 2868, 1661, 1459, 1261, 1109, 802, 765,
716 cm~!. HRMS: calcd. for C¢H, (F3NO; (M + 1)* 202.0691;
found 202.0691.

(25,35,4R,5S5)-2-[(5)-1,2-Dihydroxyethyl]-5-(trifluoromethyl)-
pyrrolidine-3,4-diol (31): To a solution of trifluoromethylated amine
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27 (80 mg, 0.26 mmol) in MeOH (2.5 mL) was added aq. HCI (6 N,
2.5mL) at room temperature and stirred for 24 h. Then the solvent
was removed in vacuo, and the residue was dissolved in minimum
amount of H,O and stirred with IRA-400 resin (OH™ form) until
pH 11. After filtration, the filtrate was concentrated in vacuo to
give pure trifluoromethylated polyhydroxylated pyrrolidine 31 as
colorless oil (29 mg, 85%). Ry = 0.3 (100% ethyl acetate). [a]¥ =
~12.6 (¢ = 1.00, H,0). 'H NMR (400 MHz, D,0): § = 4.28 (dd, J
=52,43Hz 1H), 398 (t, J = 6.2 Hz, 1 H), 3.73-3.63 (m, 3 H),
3.59-3.52 (m, 1 H), 3.17 (dd, J = 6.7, 4.9 Hz, 1 H) ppm. 13C NMR
(100 MHz, D,0): 6 = 129.7, 126.9, 124.1, 121.4 (q, 'Jc k) =
277.7 Hz), 72.0, 71.8, 70.9, 63.6, 63.3. 63.0 (q, *Jc r) = 29 Hz),
62.4 ppm. '’F NMR (376 MHz, D,0): § = —75.2 ppm. IR (neat):
v = 3437, 2924, 2857, 1658, 1455, 1262, 1146, 1093, 1016, 970, 875,
800, 751 cm . HRMS: calcd. for C;H,F;NO, (M + 1)* 232.0797;
found 232.0798.

Supporting Information (see footnote on the first page of this arti-
cle): Characterization data including 'H, '*C NMR and '’F NMR
spectra for all compounds.
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An efficient strategy for the synthesis of a
variety of trifluoromethylated polyhydroxy-
pyrrolidines is described. This strategy in-
volves a diastereoselective nucleophilic
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addition reaction of trimethyl(trifluorome-
thyl)silane to sugar-derived cyclic nitrones
followed by reductive N-O bond cleavage
and removal of benzyl groups.
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